Background/Objectives: Although there is plenty of evidence of the association between metabolic syndrome (MS) and cardiovascular disease, the relationship between alcohol consumption and MS is still questioned. The few publications with respect to the elderly seem to indicate that alcohol consumption is unassociated with MS. The aim of this study was to assess the association between alcohol consumption and the prevalence and incidence of MS, as well as its components in a large sample of Italian elderly people. Subjects/Methods: This is a multicenter study on a population-based sample of Italian people aged 65-84 years. The Italian Longitudinal Study on Aging (ILSA) included a prevalence phase in 1992 and an incidence phase from 1995 to 1996. The median length of follow-up was 3.5 years. In the present study, the analysis included 1321 men grouped into five alcohol consumption classes: abstainers, and those consuming p12, 13-24, 25-47 or X48 g of alcohol in a day. Among the 1122 women considered, the last two of the above five categories were pooled together (424 g/day). MS was defined according to ATP III criteria. All statistical analyses were stratified by gender. Results: Adjusted odds ratios showed that categorized alcohol consumption was not significantly associated with the prevalence and incidence of MS when compared with abstainers in either gender. For the MS incidence survey, three of five components (systolic pressure, glycemia and waist circumference) proved to be significantly and harmfully affected by alcohol consumption in males, whereas no such significant association emerged in females. Conclusions: These results suggest that alcohol can modify an individual's metabolic condition and that, even among the elderly, men might be more sensitive to the effects of alcohol than women.
Introduction
Metabolic syndrome (MS) is increasingly recognized as a risk factor for cardiovascular diseases and cardiovascular mortality in the elderly population. MS has been found to yield independent prognostic information on coronary or cerebrovascular events in the elderly (Scuteri et al., 2005) , even after adjusting for traditional cardiovascular risk factors. Statistically significant relationships emerged between MS and coronary events, myocardial infarctions, heart failure and overall hospitalization rates in a prospective investigation using data from the Health, Aging and Body Composition (Health ABC) study (Butler et al., 2006) . Similar results were reported in a previous study on an Italian Longitudinal Study on Aging (ILSA) cohort (Maggi et al., 2006) , showing that MS is very common among elderly Italians, and that it is associated with stroke and diabetes in both genders, and with chronic heart disease in men.
Genetic and behavioral factors have been found to be involved in the etiology of MS and, among the latter, those relating to lifestyle, for example, smoking, physical exercise and nutrition, are under consideration as issues for primary and secondary MS prevention. With regard to eating habits, the Mediterranean diet has revealed a beneficial effect on metabolism. As alcoholic beverages may be important in the diet (and wine in the Mediterranean diet, in particular), it is well worth assessing the independent role of alcohol intake on prevalent and incident MS.
Several studies on adults reported a light-moderate daily alcohol consumption associated with a lower prevalence of MS (Carnethon et al., 2004; Djoussé et al., 2004; Freiberg et al., 2004; Fan et al., 2008) , but these results are controversial, as other studies only confirmed the association for women (Rosell et al., 2003; Zhu et al., 2004) or found no such association (Lee et al., 2005; Santos et al., 2007) . Conversely, numerous studies (Yoon et al., 2004; Fan et al., 2006) found that the odds ratio (OR) for MS increased significantly with an increase in alcohol consumption in adults. In a recent meta-analysis, Alkerwi et al. (2009) reviewed the most cross-sectional surveys, studying the relationship between alcohol consumption and prevalence of MS. This study helped to verify the fact that a favorable metabolic effect is evidenced for alcohol consumption of o20 g/day among women and of less than 40 g/day among men. In reality, the meta-analysis they performed included patients of all age categories.
Few studies have investigated the role of alcohol consumption in the incidence of MS. Wilsgaard and Jacobsen (2007) found a lower risk of MS with moderate alcohol consumption only among young women (20-55 years), whereas Baik and Shin (2008) recorded a higher risk of MS for heavy drinkers. A recent study in an elderly British population found alcohol intake unrelated to the incidence of MS (Wannamethee et al., 2006) .
As MS coincides with a set of different metabolic risks, and any added risk due to alcohol consumption might be balanced by a lower risk in other determinants, it is important to evaluate the relationship between drinking and each MS component. Little research has been carried out on this issue (Baik and Shin, 2008) .
Knowledge about potentially unhealthy habits is crucial to MS prevention and management, but it is scarce in the elderly. The aim of this study was to evaluate the association between alcohol consumption and MS prevalence and incidence, together with its features, in a large sample of Italian elderly people.
Methods
The sample population was drawn from the ILSA, a population-based multicenter study on the health of 65-to 84-year-old Italians, including both cross-sectional and longitudinal components (see Maggi et al. (1994) for details of the design of the ILSA). Briefly, participants were interviewed in 1992 on their self-reported conditions and exposure to risk factors; fasting blood samples were collected and a clinical examination was performed, including determining blood pressure and anthropometric measurements. Cases screened for at least one chronic disease underwent further clinical assessment by board-certified physicians to confirm their diagnosis. Between September 1995 and October 1996, the sample was reassessed (median follow-up 3.5 years).
Interviews included questions on age and education, use of medications, eating habits (a 49-item questionnaire on the daily and weekly frequency of food consumption), as well as smoking and drinking habits. Drinking was assessed by means of a semiquantitative questionnaire on the number of glasses per day of wine or beer and glasses per week of spirits, pertaining to both current and long-standing habits. The content level of a glass was assumed to be 0.125 l. Alcohol consumption assessment was validated in a previous study (Soffrizzi et al., 2007) , in which the alcohol intake estimated by means of a questionnaire significantly correlated (r ¼ 0.82; P ¼ 0.01) with alcohol intake on dietary records. The quantities of beverages were converted into ml/day, and total consumption (g/day) was calculated by multiplying the beverages consumed by their alcohol content according to the Italian National Institute of Nutrition. Former drinkers were those no longer consuming any alcoholic beverages at the time of the survey in 1992.
For smoking, the daily average was recorded and people smoking 45 cigarettes per day were considered as smokers. 'Former smokers' were those who had quit smoking at least 5 years before the baseline examination.
Systolic and diastolic blood pressure was measured thrice on the left arm, with individuals seated and having rested for 5 min, recording the average of the second and third readings. Anthropometric measurements were taken by trained personnel during clinical evaluation. Waist circumference was measured to the nearest centimeter using a flexible steel tape, with the subject standing and at the end of a normal expiration, with the tape on level with the umbilicus.
Plasma lipid (total and high-density lipoprotein (HDL) cholesterol and triglycerides) and glucose levels were measured using standard enzymatic methods; insulin was measured by radioimmunoassay; and hemoglobin by electrophoresis. Low-density lipoprotein cholesterol was calculated using Friedewald's equation. Venous blood samples were drawn after overnight fasting. All samples were analyzed at a centralized laboratory at the University of Catania. Blood testing and other measurement methods are detailed in Maggi et al. (1994) .
Metabolic syndrome was diagnosed according to ATP III (Adult Treatment Panel III, 2001 ) criteria. On the basis of this definition, subjects with MS were identified by any combination of three or more of the following: abdominal obesity (waist circumference 4102 cm for men and 488 cm for women); high plasma triglycerides (X150 mg per 100 ml); low HDL cholesterol (o40 mg per 100 ml for men and o50 mg per 100 ml for women); high blood pressure (X130/X85 mm Hg) or hypertensive treatment; and high fasting plasma glucose (X110 mg per 100 ml).
Study sample and participants
The study considered 5462 individuals (2734 men and 2728 women), 968 of whom refused to take part or failed to provide information on alcohol consumption (431 men and 537 women) (Figures 1 and 2 ). Among the 2303 men providing adequate information, 403 were former drinkers (17.5%), and among the 2191 women examined, 454 (20.7%) were former drinkers. All former drinkers were excluded from the study, because they may have stopped drinking as a consequence of previous illness. To avoid any bias due to metabolic impairments related to alcohol abuse, we also excluded four men and six women with high aminotransferase levels (aspartate aminotransferase (AST)4 45 U/l and/or alanine aminotransferase (ALT)455 U/l) and an AST:ALT ratio higher than 2.0. The final sample size for the prevalence study was 1896 men and 1731 women. Among men, the total daily alcohol intake was classified into five alcohol consumption brackets: lifelong abstainers, and those drinking p12 g/day, 13-24 g/day, 25-47 g/day or X48 g/day. Among women, the last two categories were pooled together (424 g/day). Among 3627 subjects studied in the prevalence survey, information was collected from 1995 to 1996 on 2443 subjects (1321 men and 1122 women). Information on MS incidence was obtained for 517 men and 231 women. Missing data were not replaced by estimated values and sample sizes are shown in the tables.
Statistical analysis
All statistical analyses were stratified by gender. The general characteristics of subjects at baseline were compared by alcohol consumption class. Parametric or nonparametric approaches were used for the analysis of variance to compare Multiple logistic regression analysis was performed to estimate ORs and 95% CI for the prevalence of MS and of each component, using the alcohol consumption classes as independent variables while adjusting for covariates (age, education, drugs, smoking, coffee, olive oil, fish, cheese, bread, cured meat and vegetable consumption, as appropriate). The linear trend in odds was evaluated by treating alcohol consumption as a ranked variable in logistic models.
The cumulative incidence of MS at the follow-up between 1995 and 1996 and the related 95% CI values were calculated. We compared the risk of MS for different alcohol consumption groups using abstainers as reference. Multivariate logistic models were used to estimate adjusted ORs, adjusting for age, smoking, education, consumption of vegetables, olive oil, cheese and cured meats, and drugs, as appropriate. Considering that incidence was common in the study population, corrected risk ratios (RRs) were approximated from adjusted ORs (Zhang and Yu, 1998) .
The same approach was applied to obtain the RRs of each MS component by alcohol consumption levels. For each component, only subjects negative for that condition at baseline were included in the analysis, resulting in different sample numbers in each analysis.
In all analyses, the threshold for significance was set at Pp0.05 (two-tailed). Statistical analyses were performed with the SAS statistical software rel. 9.1 (SAS Institute, Cary, NC, USA).
Results

Prevalence phase
Of the 1896 elderly men, 228 (12.0%) were lifelong abstainers, and the same was true for 722 (41.7%) of the 1731 elderly women.
Among male drinkers, the mean (±s.d.) alcohol consumption was 30.7 ± 26.7 g/day and the median was 23.3 g/day (Q1 ¼ 11.7 g/day, Q3 ¼ 35.9 g/day). Their mean daily alcohol intake from wine, beer and spirits was 26.7±22.6, 0.6±3.0 and 3.8 ± 9.9 g/day, respectively.
Female drinkers had a mean ( ± s.d.) alcohol consumption of 16.2±12.7 g/day, with a median consumption of 11.7 g/day (Q1 ¼ 11.7 g/day, Q3 ¼ 15.4 g/day). Their mean daily alcohol intake from wine, beer and spirits was 14.9 ± 9.8, 0.3 ± 1.4 and 1.2±7.3 g/day, respectively.
Almost all drinkers drank wine (98% of men and 99% of women), whereas only some drank spirits (51% men and 33% women), and beer drinking was rare in both genders (7% of men and 4% of women).
The general features of the sample population are shown in Table 1 , stratified by gender and alcohol consumption level. Significant differences in behavioral and dietary variables (data not shown) emerged between the alcohol consumption classes, for both men and women.
The results of the adjusted logistic regression models evaluating the association between unsafe levels of each MS determinant and different classes of alcohol consumption by comparison with abstainers are given in Table 2 . In our elderly women, alcohol consumption did not seem to be related to harmful conditions, even though higher ORs were mostly found for heavier drinkers (424 g/day). In reality, the only significant OR was for diastolic blood pressure X85 mm Hg in the higher level (OR ¼ 2,18; 95% CI 1.21-3.91). In our elderly men, the major unsafe effect of alcohol would likely be on systolic pressure, with a significantly increased risk from the first consumption level (OR ¼ 2.33; 95% CI 1.09-4.97), and highest consumers would be five times as likely to have high systolic pressure as abstainers (OR ¼ 5.42; 95% CI 1.84-15.93). A lower risk of HDL (o40 mg per 100 ml) was generally found for elderly drinkers, with significant ORs for those consuming more than 24 g/day (OR ¼ 0.49; 95% CI 0.26-0.92 and OR ¼ 0.49; 95% CI 0.26-0.92). In addition, a significant linear trend emerged among the consumption brackets for the risk of having a waist circumference 4102 cm, showing an overall linear association when alcohol was considered as a ranked variable.
The prevalence of MS was significantly higher among women (56.4%; 95% CI: 53.5-59.3) than among men (29.4%; 95% CI: 27.0-31.9). Table 3 shows the results of adjusted logistic regression models evaluating OR for the prevalence of MS for each alcohol consumption category by comparison with abstainers, indicating that alcohol consumption was never significantly associated with the prevalence of MS. This could be interpreted as a net null result due to the balance of harmful and beneficial effects of alcohol on MS components.
Incidence phase
In both genders, the cumulative risk of MS (Table 4 ) was higher among drinkers than among abstainers, but the difference was not statistically significant (men P ¼ 0.13, women P ¼ 0.18). The corrected RRs for MS with reference to abstainers are given in Table 4 . In both sexes, the adjusted RRs were 41, but in no case did the 95% CI show that the risk for drinkers was significantly higher than the risk for abstainers. Table 5 shows the corrected RR for the unsafe level of each determinant of MS for alcohol consumption levels with reference to abstainers. In women, in no case did the 95% CI indicate a significant association. In men, a linear trend in the risk of diastolic blood pressure X85 mm Hg was found.
In addition, the consistently high RR for fasting glycemia 4110 mg per 100 ml among all categories of drinkers suggested a harmful effect of alcohol intake on glucose metabolism, even though confidence intervals did not reach statistical significance. Similarly, the results seem to suggest that alcohol consumption is associated with a higher risk of large waist circumference (4102 cm). A lower, but not statistically significant, risk of HDL o40 mg per 100 ml was consistently observed for elderly male drinkers when compared with abstainers.
Discussion
Our study on a representative sample of Italian elderly people showed that alcohol consumption is strongly associated with the eating habits and behavioral and social characteristics of elderly people of both sexes. Prevalence data revealed an association between alcohol consumption and diastolic hypertension in women. In men, there was an association between systolic hypertension and healthy levels of HDL cholesterol. No relationship was found between drinking and the prevalence or incidence of MS in either gender.
The prevalence of MS in our study was significantly higher among women (56 versus 29%) than among men. In the United States, the National Health and Nutrition Examination Survey (NHANES) study estimated the prevalence of MS at about 42% among individuals aged 70 years or more, with no gender difference between White men and women, whereas among Afro-Americans and Hispanic individuals, women had a higher prevalence of MS than men (Ford et al., 2002; Alexander et al., 2003) .
Men and women differ not only in their propensity to develop MS but also in their ability to metabolize alcohol, possibly because of gender-related differences in total fluid Alcohol consumption and metabolic syndrome A Buja et al distribution volume, lean body mass, liver dimensions or enzyme activity affecting alcohol in the liver (Patrick et al., 2007) . Sex steroids may have a role in cytochrome enzyme expression and in regulating the hepatic oxidative stress status (Wolbold et al., 2003) . A few population-based studies on the effects of alcohol consumption on cardiovascular risk factors in different age groups have shown different associations between alcohol and blood lipid profile or blood For women the highest drinker category is 424 g/day. b Adjusted for age, smoking, education, consumption of vegetables, olive oil, cheese and cured meats, and anti-lipid, anti-diabetic therapy and/or anti-hypertension therapy.
c Risk ratios were approximated from the adjusted odds ratios obtained by multivariable logistic regression models.
Alcohol consumption and metabolic syndrome A Buja et al Table 5 Incidence phase: adjusteda risk ratios* (RRs) for incident metabolic risk conditions by alcohol consumption levels, taking abstainers for reference The categories 13-24 g/day and 424 g/day were grouped together.
Women
pressure (Wakabayashi and Kobaba-Wakabayashi, 2002; Burger et al., 2004; Wakabayashi, 2007) at different ages, suggesting that the effect of alcohol on cardiovascular risk factors may be age specific. As a consequence, an age-and/or gender-dependent difference in the effects of alcohol on metabolism might exist. In literature, a beneficial effect of alcohol on MS was explained by the effect of alcohol on the increase in HDL cholesterol levels (Linn et al., 1993; Rimm et al., 1999) . According to data obtained from the NHANES II study, mean HDL cholesterol levels are 5.1 mg per 100 ml higher in people who drink alcohol on a daily or weekly basis (Linn et al., 1993) . The study indicated an increase of 0.87 mg per 100 ml HDL cholesterol per gram of alcohol ingested. Our results only confirm a linearly decreasing risk of low HDL levels with increasing alcohol intake in elderly men at baseline, whereas incidence data suggested a lower risk of low HDL levels, but this failed to reach statistical significance.
In our study, this beneficial effect on HDL in men was balanced by the harmful effect of alcohol on blood pressure, and this relationship was suggested from both the prevalence and incidence data. This harmful effect of alcohol on blood pressure emerged in the diastolic pressure of women at baseline. Experimental investigations have established a strong effect of alcohol consumption on hypertension (Xin et al., 2001) in adults. Among several epidemiological studies addressing this issue, some have recorded a linear dose-response relationship, sometimes starting with a consumption threshold of three drinks per day (30 g of ethanol) (Criqui et al., 1981; Fuchs et al., 2001) . Other studies have suggested that the association of alcohol intake with pressure might be stronger in the elderly (Wakabayashi and KobabaWakabayashi, 2002; Wakabayashi, 2007) . It is also worth noting that moderate alcohol consumption was associated with a lower risk of myocardial infarction in the adult male population with hypertension (Beulens et al., 2007) ; these authors concluded that moderate drinkers in the general population with hypertension may not need to change their drinking habits.
The results emerging from the prevalence and incidence data seem to suggest an association between alcohol consumption and a greater waist circumference. This is probably because alcohol stimulates appetite in the elderly (Calissendorff et al., 2005) . As Italian elderly people traditionally drink alcoholic beverages at mealtimes, we objectively observed that drinkers were more likely to eat cheese and cured meats, vegetable and fish than abstainers. It has been suggested that a high alcohol intake contributes to abdominal fat storage, although the mechanism behind this is still not clear. As alcohol is a significant source of calories (6-10% of the energy intake in the United States; Block et al., 1985) , a greater energy intake due to higher alcohol consumption is another reasonable explanation. Alternatively, alcohol may contribute to abdominal obesity through noncaloric mechanisms, such as changes in steroid hormones that might subsequently favor central fat storage.
A high alcohol intake has been shown to acutely reduce blood testosterone concentrations in men (Emanuele and Emanuele, 1998) , and a lower secretion of lipid-mobilizing sex steroid hormones promotes visceral fat accumulation (Björntorp, 1995) . Our findings are consistent with those of Risérus and Ingelsson (2007) , who showed that alcohol consumption in the elderly is associated with abdominal obesity. In literature, findings on the association between alcohol consumption and obesity, however, remain inconsistent (Vadstrup et al., 2003) .
A meta-analysis of human experimental studies (Rimm et al., 1999) suggested that moderate alcohol drinking correlates positively with triglyceride concentrations, which increase by 0.19 mg per 100 ml per gram of alcohol consumed daily (P ¼ 0.001). Our results on men's incidence data seem to confirm this, even though differences were not statistically significant.
The relationship between alcohol consumption and glucose regulation is rather complex. A meta-analysis based on prospective studies suggested a U-shaped relationship between alcohol consumption and type-II diabetes, and that moderate alcohol drinkers have the lowest risk of developing type-II diabetes (Carlsson et al., 2005) . Experimental studies on adults showed the different effects of alcohol: acute alcohol administration in the elderly caused acute insulin resistance (Boden et al., 2003) , whereas an enhanced insulin sensitivity is consistently reported after chronic lightmoderate alcohol use (Facchini et al., 1994) . A recent study showed that a light-moderate alcohol consumption was associated with a lower incidence of diabetes mellitus in elderly people, irrespective of the type of beverage consumed (Djoussé et al., 2007) . Conversely, the incidence phase of our study seems to suggest an increased risk of fasting plasma glucose (4110 mg per 100 ml) in male drinkers.
The strengths of this study include the fact that it relates to a large population-based sample of Italian elderly people, to the reliability of anthropometric, metabolic and cardiovascular risk factor assessments and to the prospective nature of the study.
A shortcoming of the study stems from the lack of information on the drinking patterns of subjects, which are undoubtedly associated with the different effects of alcohol on metabolic risk factors. However, the study focused on an elderly cohort who are more than likely to have retained the Italian tradition of drinking moderately and mainly at mealtimes. Another weakness of our study could lie in the self-reporting of alcohol use, but drinking is common in Italy and people are unlikely to underestimate their alcohol intake for fear of disapproval from others. The greatest limit of this study lies in the small sample size in the incidence phase, because few subjects were without MS in the prevalence phase and also because of the attrition that typically affects longitudinal studies. We performed a power analysis on our longitudinal data and, as expected, the power was very low, ranging between B10 and 57% according to the analysis. Nevertheless, suggested hypotheses are supported by the consistency of our results on the condition of risk in each category of drinkers when compared with abstainers, even though without statistical significance.
In conclusion, our study found no relationship between alcohol consumption and MS in the elderly, in either prevalence or incidence phases, although alcohol consumption could clearly be associated specifically with single determinants of MS. In men, three of the five components considered (blood pressure, glycemia and waist circumference) seemed to be harmfully affected by alcohol consumption. These results would suggest that alcohol might influence metabolic conditions and that, even among the elderly, men might be more sensitive to the effects of alcohol than women. Further studies on the elderly are needed to confirm these hypotheses.
